Abstract. The purpose of this research is to support office workers to participate in multiple teleconferences simultaneously. In order to achieve this goal, we have investigated how people understand multiple voices that differ in conditions of overlapping rates. We have evaluated comprehension of the context and the keywords in multiple voices, which is necessary for the users to participate in multiple teleconferences. In addition, we have described the psychological load of the users by using NASA-TLX as the workload index and the physiological load by examining the brain waves of the users. From the experiment, we can show three factors. First, we found more than half of the examinees understand the context when the voices are overlapped completely. Second, little of no difference is observed in the level of comprehension of keywords, between when the voices are half overlapped and overlapped completely. Third, it can also be suggested that examinees are more uncertain of their answers when the voices are overlapped completely compared to when they are only half overlapped. As for the load of the users, our results suggested that imperfect overlap amplifies the psychological load. Based on these results, we will discuss the necessity of selecting appropriate overlap rates and design the environment of multiple teleconferences.
Introduction
The developments of the office work techniques help employees perform tasks such as making documents and managing business. On the other hand, the speedup of individual work and reduction in the number of workers by systematization of working has increased their workloads. To solve such a workload problem the research about workload in offices started [1] . The research shows us that many of the present IT systems are designed for neither task interference nor switching. They are only designed to support individual tasks like e-mail or preparing documents [2] . Keeping this in mind we focused on the multitasking researches.
The multitasking researches engage two or more tasks at the same time and especially look at the combination of two tasks. We classified the office work as shown in Table 1 . In Table 1 , we define "conversational work" as work involving live, realtime communication such as a business meeting. In conversational work, it is difficult to control the timing of interruptions. We define "non-conversational work" as work involving live, non-real-time communication such as e-mail and forming document. In non-conversational work, it is easy to control interruptions. When we consider the difficulty in the level of multitasking from the aspect of control, we hypothesize that the combination of conversational work is the most difficult combination to be engaged. We believe that thorough consideration of conversational work is the key to designing an effective multitasking system.
One of the multitasking studies discusses the necessary of the multitasking researches. They have a negative perception of it from the field of brain science because it is difficult for our brain to handle multiple tasks from the perspective of memory capacity. They also suggest that if we can handle multiple tasks simultaneously, it doesn't produce the desired effect compared to doing each task in part. That study implies the damage of memory function in our brain. However they say these results only when we handle multiple tasks by just using human pure function. And they also take a positive view of multitasking. They say it may be inevitable circumstance in the future from an institutional standpoint. So that means there's a possibility multitasking will become one of the office-work styles. To achieve the multitasking style, we try to design the multitasking system supporting human information-handling ability.
As an effort to adapt to such an environment, office workers are forced to work on two or more tasks simultaneously. One of the multitasking studies discusses the necessary of multitasking. In recent days, there is a growing need for ability to manage two or more tasks effectively while participating in other works. For example, if a person is required to attend to a meeting in which he/she only has to listen and does not have to speak, he/she might feel that it would be more productive if he/she could finish other works during the time of the meeting. In a similar way, many people may feel that it would be more productive if they could attend to two meetings at the same time. Although many serious objections to the efficiency of multitasking are claimed, we believe in the positive possibilities of multitasking. We have been examining such multitasking studies and believe in the possibility of multitasking, even though the multitasking system is not yet widespread in the world. The future aim of our research is to create a system where the users are able to participate in two or more tele-conferences. When we assume participation in two or more teleconferences, we need not only to listen to other participants, but also to understand statements of others and respond to them. The existing research of multitasking involves the study of dual-task interfaces, visualization systems, and so on. For instance, one of the previous researches describe that how secondary displays should be shown while users work on their main task on another computer. The experiment shows us that users are required to maintain awareness of the changing color or size of character and background on the secondary display. However in such a field of multitasking, little or no research quantitatively focuses on human ability to hear multiple voices. Therefore we aim to reveal the influence of human hearing ability of multiple voices. Our study investigates the comprehension level of the users and confidence of their answers under two various voice-conditions. The results produce a possible design of a multitasking system for participating in multiple teleconferences.
This paper is organized as follows. In Section 2, previous studies related to the multitasking are presented. The details of the proposed design for the experiment are described in Section 3. The procedure of the experiment and the results of the experiment are discussed in Section 4 and Section 5 respectively. In Section 6, the evaluation of the experiment is discussed. The concluding remarks and future works are noted in Section 7.
Related work
Many of the studies, which stimulated our research, stemmed from previous studies on efficiency and attention in the aspects of multitasking. Because this paper describes how users are affected their attention under two various voiceconditions and our goal is designing the effective system of multiple teleconferences, these studies are of critical interest to us. D.Smith et al. [3] describe the efficiency of multitasking by giving tasks to participants. The tasks, such as solving math problems and classifying geometric objects, indicate that multitasking may be less efficient especially for complicated or unfamiliar tasks. This is caused by the difficulty involved in switching mental gears every time the participant changes from task to task. However, the study also says that there is the possibility of success under certain environmental conditions and that it is worth challenging. H. Schumacher et al. [4] also describe the efficiency of multitasking. The research investigated the difference of reactive time and error rate between dual-task and single-task by making participants solve both visual and oral problems. As a result, the study says that there is no significant difference between dual-task and single-task after they perform them two or more times. Although the experiment gives oral tasks to the participants, it does not refer to anything about comprehension and imposition load in cases where participants hear multiple voices. This research stimulated our study of multitasking.
One of the important researches in the field of multitasking is the study about the dual-task system. Many of such dual-task researchers focus on visual aspects of multitasking. Since the dual-task system requires participants to switch quickly between the tasks using two visual displays, some of the previous evaluations focused on the combination of two tasks and the display of the secondary task. C.M. Chewer et al [5] analyze the rate of correct answers of various types of problems involving visual information in a dual-task system. In this experiment, participants work on a game task as the main task and a quiz as the secondary task. The visual appearance is varied in information, colors, positions, and sizes. According to their analysis, they stress the importance of designing a multitasking system from a cognitive viewpoint of human ability. Although our research focuses on the oral information in multitasking system, we share a common belief in the importance of the cognitive viewpoint. Jacob Somervell et al [6] attempt to know how to design information visualizations intended for the periphery and to investigate how quickly and effectively users can understand information visualizations while they are working other tasks hard. They focus on how several factors of a visualization (visual density, presence time, and secondary task type) impact user's abilities to keep working a primary task and to complete secondary tasks related to the visualization. They describe these significant results as follows: (1) We can introduce the peripheral display without reduced performance of main task. (2) Although it is difficult to understand complex visualization, it is effective if they work it with relaxed time pressure and reduced visual information density. Blair Maclntyre et al [7] also think that peripheral display is effective to achieve the multitasking system and try to investigate the design of the peripheral display for that system. They use not only the main display but also the white board as peripheral display which is displayed peripheral information to help their awareness.
Rooms [8] is a multitasking system designed to support task switching and focuses on six characteristics proposed by Banon [9] : reducing the mental load due to switching processes, suspending and resuming of activities, maintaining records of activities, functional grouping of activities, multiple perspective on the work environment, and interdependencies among items in different workspaces. Based on such characteristics, Rooms supports switching tasks more quickly. However, Rooms focuses on switching text information on computer displays, which differs from our approach, we focuses on the information of multiple voices in multiple teleconferences.
We were also stimulated by other researches including the task of teleconferences. Kawahara et al [10] experimented with three overlapped tasks simultaneously. After the experiment, participants answered a questionnaire about overlapping. These tasks include performing personal tasks such as participating in a teleconference and watching a video of a lecture. Although as a result, this study indicated the difficulty of comprehension contents in two overlapping voices and three simultaneous tasks. Therefore multiple voices in teleconferences should be investigated from a more quantitative approach.
Our research is different from the other researches in that it investigates the comprehension level of two overlapped voices quantitatively and discusses multiple teleconference system based on the results of our experiment.
Design concept
The multitasking researches for office work environment described in the previous section focus on the visual element of switching of tasks. In order to discuss the design of multiple teleconferences, we quantitatively investigate three factors throughout the following experiments: user comprehension levels, psychological loads, and physiological loads of multiple voices.
This experiment is designed to quantitatively evaluate the voice overlapped tasks, assuming two teleconferences. In our experiment, we define the condition of a "Serial" as the most primitive model. This is a condition where two voices are presented one by one, and the voice that gives information is composed of two parts; one in the first half and one in the second half. The result is used as a comparison to the result of overlapped voices. It is also important to discuss the assumed condition of multitasking. For instance, when thinking about attending to two conferences at the same time, we can easily imagine that the difficulty level of oral comprehension depends on the amount of conversation. Therefore, we focus on the rates of overlapping voices in this experiment and use 0%, 20%, 60% and 100% as the overlapping rate of voices. When the overlapping rate is 0% it means that the two voices do not overlap, and when the overlapping rate is 100% it means that the two voices completely overlap. Detailed information about the overlapping rates is explained the nest section.
Overlapping rate
When the overlapping rate is 0%, two voices are presented alternately. We show the switching process of these voices in Figure 1 .
Story 1 consists of voice part A and B. Story 2 consists of voice part C and D. In this Figure, although the switch from "A → C," "C → B," and "B → D" involves cognitive processing, there is semantic and integrated processing involved especially in "C → B" and "B → D". Meanwhile, the condition of the series above also includes the switch from "B → C". It is different in the sense that integrated processing is not required. When the overlapping rate is 20%, the cognitive load in the human aspect of successive processing is the same as 0%. In addition, however, participants are required to process the overlapped voices and switch their cognition. Switching is done when they change their mind from processing one voice to the other overlapped voice and vice versa. The cognitive load of processing the voice at the overlapping rate of 60% is the same as the overlapping rate of 20%, although the time of the overlapping voices increases. When the overlapping rate is 100%, the voices completely overlap from the beginning to the end. We hypothesize that the cognitive load of successive processing is the same as the cognitive load when the overlapping rate is 60%, even though participants may be experiencing voice processing on a micro level.
At the end of this paper, we will examine the result of Serial and each overlapping rate.
Experimental design
We assume the experimental environment to be multiple teleconferences. We define the rate to which two voices come in succession as the "overlapping rate" and define the time the two voices overlap as "overlapping time".
The application used in our experimental environment is written in JAVA. As part of the experimental environment, we present two overlapped voices to the participants by using two speakers; one on the left and the other on the right hand side. We evaluate the level of comprehension of the voices by making participants solve problems related to the contents of the voices heard from the two speakers after the participants finish hearing the two voices. For instance, when voices of 40 seconds is played with the overlapping rate of 20%, the two voices overlap for eight seconds. We show the overall flow of the experiment in Figure 2 .
The experimental environment in our research is composed of two components: two displays to present the problem, a stereo speaker on the right and left side of the participant to output the voices. As the experimental voices, we use the voice of a robotic machine in this experiment. The purpose of this is to remove nonverbal information included in the human voice, which facilitates the transmission of information. It is thought that the possibility of the multitasking system under difficult conditions can be verified. Our participants are required to answer questions about the content of voices heard from the stereo speaker to their left and right hand side, using desktop computers placed in front of them.
They must check what they consider to be the correct answers, from the provided answer groups. The problems include both context problems and keyword problems. Context problems are presented before the keyword problems. The reason behind not presenting both problems simultaneously is to keep participants from anticipating the answer to the keyword problems using information from the answer group of the context questions.
Experiment

The outline of the experiment
In order to empirically investigate the comprehension level of the two voices, we test on twenty-eight participants and record their performance throughout our environment. Participants of our experiment are students of Keio University. As previously explained in section 3.1, Story 1 and Story 2 in Figure 1 consists of voice part A and B and part C and D respectively. Each voice part A∼D is 40 seconds long. Story 1 is output from the left speaker and Story 2 is output from the right speaker. Two voices overlap according to the overlapping rate, 20%, 60% and 100%. We investigate the comprehension level, the psychological load and also measure the physiological load by examining the brain waves of randomly chosen 11 participants. We describe the method of each evaluation later on.
First of all, in order to accustom participants to the multitask situation, participants listen to the voice of the overlapping rate 80% for practice. Next, participants are required to hear the voices of stories. We adopt 0%, 20%, 60%, and 100% as the experimental overlapping rate and Serial as a comparison. The overlapping rate 0% is different from Serial in the point of task switching though the overlapped time is 0 second same as Serial. For the experimental order, we divide our participants into two groups, one in the ascending order ( 0% → 20% → 60% → 100% ) and the other in the descending order ( 100% → 60% → 20% → 0% ).
After that, they solve the problems concerning the contents of the voices displayed on the left and right display. These questions include two types; two context questions that show whether the participants are able to grip the context roughly or not and five keywords that show whether the participants heard the words or not.
The participants check the answer forms that they think is correct from the displays. In addition, they check the convincing level to the answer by five stages on the same displays. After hearing all patterns of overlapped voice and answering questions, we evaluate their psychological load by using NASA-TLX.
Finally, we also give them Serial task that two voices are presented one by one and evaluate their comprehension level and the psychological load.
Evaluation method
We use the NASA-TLX as the evaluation method of the psychological load. NASA-TLX is the technique for requesting the load index of the task based on a multi-dimensional average of subjective information. In our research, we use the Japanese Version of NASA-TLX proposed by S.Haga et al [11] . The evaluation of this experiment include measures of the physiological load by examining their brain waves as well as the psychological load by using NASA-TLX. We measure the two loads of eleven randomly chosen participants in the experiment. We measure the α wave peak frequency which indicates the maximum value of the α wave in the brain waves which reflects the influence of mental operations. The α wave peak frequency moves to the high frequency as the work load rises.
Results
The result of this experiment include measures of the comprehension level of the overlapped tasks and Serial task as well as the psychological load and the physiological load. Analyzing these measured values separately allows us to examine the following; the comprehension level to the overlapped voices when it is assumed to participate in multiple teleconference, the mental load when participating in multitask system. The following sections summarize the results of the experiment.
The result of comprehension level
The recorded correctness of the context questions and keyword questions for both overlapped voices and Serial in the experiment are shown in Figure 3 and Figure 4 . Fig. 3 . Correctness of the context questions. In overlapped tasks, story 1 is spoken from the left speaker and story 2 is spoken from the right speaker. -The correctness of overlapping rate of 0% is 10% higher than the correctness of Serial assumed as the present work style. -There is a response variance to the correctness of right and left voices in overlapping rate 60%. The correctness of the right voice is lower than the correctness of the left voice. -The correctness of overlapping rate 100% is higher than 70%. Figure 4 gives data comparing correctness to keyword questions. As well as the context problem, this result shows the following two factors:
-The correctness of overlapping rate 0% is almost the same as Serial. This means that the correctness of overlapping rate 0% is higher than correctness 80%. -Little or no difference is found between the correctness of overlapping rate 60% and 100%.
The result of psychological load
We analyze the result using NASA-TLX to investigate their psychological load to the multiple voices. This result is shown in Figure 5 . It indicates that there is highly significant difference (t(27) = 3.688 ∼ 9.280), p ≥ .01). This result excludes the combination of Serial and the overlapping rate 0%.)
The result of physiological load
The result of the α wave peak frequency is shown in Figure 6 . This result gives us that there is significant difference ((t(10) = 2.472), p ≥ .05)) for only the combination of the overlapping rate 20% and 60%. 
Evaluation
The results of the experiment are summarized in the following sections.
The evaluation of comprehension level
Following factors are considered from the result of the correct answer rates.
-There is a possibility that the context can be understood even if two voices overlap completely. In Figure 3 , the correctness of overlapping rate 100% is higher than 70%. This result describes participants are able to understand the context roughly when two voices are completely overlapped. This indicates that users who participate in two teleconferences are able to understand both contents. -In correctness of keywords, little or no difference appears between the correctness of the overlapping rate 60% and 100%. Table 2 shows the detailed correctness values of keywords. From Table 2 , we can understand there are actually only several differences between the correctness of the overlapping rate 60% and 100%. This result gives us that little or no difference of comprehension level appears when we compare the case that two voices are overlapped completely with the case that two voices are overlapped halfway. We think overlapping two voices completely is more effective than overlapping halfway because the former case produces reduction of working hours compared to the latter case.
Individual difference
Although there is no polarization in the comprehension level, we can divide 14 participants into six participants who acquire high correctness and eight participants who acquire low correctness. High correctness means that participants acquire correctness higher than 20% of the average correctness of all participants and low correctness means that participants acquire correctness lower than 20% of the average. We describe this separation in Figure 7 .
This result shows us that there is a large difference between the correctness of the left voice and the right voice in the high score group (the difference of correctness is from 8.0% to 21.7%) compared to the low score group (the difference of correctness is from 2.5% to 13.8%). In addition, this figure shows that the participants of the high score group are able to acquire stable correctness to the right voice in overlapping voices. This result indicates that the participants of the high score group can divide their attention to both left and right. 
The evaluation of psychological load
The result of psychological load indicates that there is a possibility to make their psychological load lower by decreasing of overlapping rate.
The evaluation of physiological load
The characteristics of the change in the α peak frequency are shown as follows: We analyze these results from the aspect of human processing. When the experimental environment has been changed from Serial to the overlapping rate 0%, participants are required to process the switching and the integration of their sense. When it has been changed from the overlapping rate 0% to the overlapping rate 20%, participants are required to process part of the overlapped voices and to shift their mind from the part of overlapped voices to the part of the single voice. We consider these processes are added to the participants as loads. On the other hand, the overlapping rate 20% is changed to 60%, we consider that the shift from the overlapped part to the non-overlapped part directly effects the differences of the correctness between the overlapping rate 20% and 60%. We see that the overlapping rate 60% requires the highest process of cognition. The reason for this is that the participants give up hearing overlapped voices. When it has been changed from the overlapping rate 60% is changed to the overlapping rate 100%, the cognitive process consists of only processing the part of the overlapped voices. It means they are not required to process the switching, the integration and the shift. This is why the α peak frequency is same as Serial. In addition, considering the result that the peak frequency of the overlapping rate 20% is higher than the overlapping rate 100%, it is supposed that the shift from the overlapped part to the single part is a significant factor from the aspect of physiological loads.
Conclusion
In this research, we focused on the fundamental study of participating in multiple teleconferences. Although many researchers focused on the field of multitasking researches, most of the studies aim to visualize dual tasks or to present secondary tasks to the main task. But there is a need to empirically investigate the comprehension level of users and loads of cognition. We prepared an environment which enables the change of the overlapping rate of two story voices and present it to participants.
From our experiment, the following three factors can be described:
-Participants are able to understand the context roughly even if two voices overlap completely. However, it is difficult to understand the keywords, the average of the context correctness of the overlapping rate 100% is 71.4% and the keyword correctness is 42.7%. -In physiological loads of the overlapping rate 0% and 100%, these loads are almost the same for Serial. And the shift from the overlapped part to the single part is a significant factor as well as the process of overlapped part. -Individual difference appears. There is a large difference between the correctness of left voice and right voice in the high score group compared to low score group.
